Site Descriptions.
Six saturated riparian buffers (SRBs) located within the state of Iowa were used in this research (Fig. S1 ). The first site, BC-1, was established next to Bear Creek in 2010 and was described in detail in Jaynes and Isenhart (2014) . The buffer soil was a poorly drained Coland clay loam (fine-loamy, mixed, superactive, mesic Cumulic Endoaquolls) while the soils within the area contributing to the tile outlet were the poorly drained upland soils Canisteo and Webster (fine-loamy, mixed, superactive, calcareous, mesic Typic Endoaquolls; fine-loamy, mixed, superactive, mesic Typic Endoaquolls). Additional site characteristics for each site are shown in Fig. S2 . Soil cores taken at both ends of the SRB indicated that soil organic carbon (SOC) exceeded 0.75% to a depth of at least 150 cm. The intercepted tile outlet at this site was a 6" diameter plastic tile. No detailed tile map was available for this site or any of the other SRBs installed for this study. Thus, we estimated the drainage area for each outlet from field topography and location of adjacent tile outlets. For BC-1 the estimated drainage area of the outlet was approximately 10.1 ha. In the fall of 2013, the landowner installed additional tile in this field which redirected some of the water draining to the SRB to another outlet, reducing the estimated drainage area for the BC-1 to 5.9 ha. The SRB was installed on an existing riparian buffer established in 1995 originally consisting of a 6.1 m wide strip of silver maple trees (Acer saccharinum L.) next to the stream; then a 6.1 m wide strip of mixed shrubs and grass consisting mainly of common ninebark (Physicarpus opulifolius L.), nannyberry viburnum (Viburnum lentago L.), and switchgrass (Panicum virgatum L.); and finally a 8.8 m wide strip of switchgrass next to the field. The slope across the buffer from the distribution pipe to the stream surface was 7.8%. The distribution pipe for this SRB had a 10-cm diameter and extended 305 m in the upstream direction and 30.5 m in the downstream direction. The pipe was installed at a depth of 0.76 m below the ground surface referenced to the control box. The 2 nd set of flash boards in the control box were set to for a minimum water table depth of 0.3 m below the soil surface to force water into the distribution pipe.
Just upstream from BC-1 on Bear Creek, a second SRB (BC-2) was installed in 2015 on a 20 cm diameter plastic tile outlet. A 10 cm diameter distribution pipe was installed 0.91 cm below the ground surface starting at the control box and extending 168 m downstream. A distribution pipe could not be installed in the upstream direction at this site due to a deep gulley just upstream from the outlet. The soil along the stream was a somewhat poorly drained Spillville (fine-loamy, mixed, superactive, mesic Cumulic Hapludolls) -Coland complex. We estimated a 40.5 ha drainage area contributing to the outlet, although the amount and duration of flow we subsequently measured at this site indicated that the drainage area was probably larger. No buffer was initially present at this site as the corn/soybean field was historically planted to within a few meters of the stream bank. Instead, a newly planted buffer was established after installation of the SRB in December, 2015 using a CP42 pollinator mix specified by NRCS. Buffer width from the distribution pipe to the stream bank averaged 22 m with an average slope from the ground surface above the distribution pipe to the stream surface of 10.8%. The 2 nd set of stoplogs in the control box were set to produce a water table depth of 0.79 m below the soil surface.
The IA-1 SRB was established on an unnamed tributary of the South Skunk River in 2013. The intercepted outlet was a 20 cm diameter clay pipe that drained an estimated area of 3.4 ha of primarily Webster, Canisteo and somewhat poorly drained Nicollet (fine-loamy, mixed, superactive, mesic Aquic Hapludolls) soils. The buffer had been in place for several decades before installation of the SRB and consisted primarily of switchgrass. The distribution pipe extended 150 m upstream and 158 m downstream from the control box and was an average distance of 24-m from the stream edge. A 10-cm diameter pipe was installed at a depth of 0.76 m below the ground surface starting at the control box. The 2 nd set of stoplogs in the control box were set to produce a water table depth of 0.27 m below the soil surface. The average grade across the buffer from the ground above the distribution pipe to the stream surface was 8.6%. Soils underlying the buffer were mapped as a complex of Coland and moderately well drained Terril (fine-loamy, mixed, superactive, mesic Cumulic Hapludolls) soils with SOC values greater than 0.75% down to a depth ≥ 137 cm.
In 2016, the SRB designated SH was installed by intercepting a 15 cm diameter plastic tile that drained approximately 3.4 ha within a field located in the Upper Fourmile Creek watershed. As with BC-2, this saturated riparian buffer was installed within a row-cropped field with subsequent establishment of perennial vegetation in May 2016. The distribution pipe for this SRB was 10 cm diameter plastic perforated pipe installed at a depth of 0.67 m below the surface at the control box and extending 147-m downstream and 203-m upstream. Average distance from the distribution pipe to the stream bank was 19 m with an average grade from the ground surface above the pipe to the stream surface of 9.9%. Where the distribution pipe crossed over additional tile outlets east and west of the control box, a nonperforated pipe was installed 7.6 m on either side of the outlets. Non-perforated pipe was also used for the distribution pipe for 15.2 m centered on an area upstream of the control box where a gulley was forming from overland flow. Non-perforated pipe was used to prevent any water being redirected to the distribution pipe from seeping into the gulley or other tile outlets. Thus, the overall length of the perforated distribution pipe at this site was 266 m. The 2 nd set of stoplogs in this control box were set to produce a water table depth of 0.30 m below the soil surface. The soils within the buffer were a Coland -Spillville complex in the downstream portion of the SRB, with some well drained Clarion soils (fineloamy, mixed, superactive, mesic Typic Hapludolls) mapped on the west side of the SRB. Depths to SOC concentrations < 0.75% were ≥ 100 cm on both sides of the control box. The area draining to this outlet was composed primarily of poorly drained Webster and Nicollet soils.
A SRB (HG) was installed along East Indian Creek in 2015. The installation of the SRB was part of a major renovation of the nearby farmstead and pasture to help clean up the water flowing into a public reservoir. A 20 cm diameter clay tile draining approximately 21.8 ha of poorly drained Webster and Nicollet soils was routed through non-perforated pipe to a control box and from the box to an outlet structure on the stream. A 15 cm diameter perforated plastic pipe was attached to one side of the control box to serve as the distribution pipe. This pipe was installed at a depth of 0.76 m at the control box and extended for 124 m in the downstream direction. The stoplogs in this control box were initially set to produce a water table depth of 0.30 m, but were subsequently lowered to 0.49 m below the soil surface to ensure that water did not seep to the surface of the buffer. The average buffer width from the pipe to the stream bank was 14 m. The average slope across the buffer was 24% from the ground above the distribution pipe to the stream surface. This buffer area had been in pasture until re-grading and was then planted to annual oat (Avena sativa) and bromegrass (Bromus inermis Leyss.) after SRB construction. The soils within the buffer were mapped as a Coland -Terril complex with SOC concentrations > 0.75% to a depth ≥ 120 cm.
The final SRB included in this study (B-T) was installed on the edge of a field in the Rock Creek -Cedar River watershed. The SRB was installed on a tile outlet that drained an estimated area of 7.1 ha of poorly drained Garwin (fine-silty, mixed, superactive, mesic Typic Endoaquolls), somewhat poorly drained Muscatine (fine-silty, mixed, superactive, mesic Aquic Hapludolls), and well drained Tama (fine-silty, mixed, superactive, mesic Typic Argiudolls) soils. The control box was inserted into a 15 cm diameter plastic tile outlet and a 10 cm diameter plastic distribution pipe installed from the box in the up-stream direction for 115 m. The distribution pipe was only extended in one direction to avoid crossing over a buried gas pipe 22 m down-steam of the tile outlet. The 0.76-cmdiameter distribution pipe was installed at a depth of 0.76 m below the ground surface at the control box. The second set of stoplogs in the control box were set to produce a water table depth of 0.34 m below the soil surface. A riparian buffer had been in place at this site for a number of years, but was re-graded by the farmer just prior to the SRB installation and planted to switchgrass. The buffer width averaged 4 m from the distribution pipe to the stream bank with an average grade of 43% from the ground above the distribution pipe to the stream surface. Soils within the buffer were mapped as poorly drained Colo silty clay loams and soil coring found SOC concentrations > 0.75% down to a depth ≥ 117 cm. Seed corn rather than corn for grain was grown in rotation with soybean in this field.
Supplemental Fig. S1 . Location within Iowa of the six saturated riparian buffers used in this study. Simple correlation analysis was conducted between the mass of NO 3 removed each year in the SRBs and possible explanatory variables such as buffer width, length, and drainage area. The variable with the highest simple correlation was the product of drainage area with distribution pipe length. A repeated measures analysis was used to further examine this correlation because the 19 site-years were from only 6 locations. PROC MIXED (SAS Institute Inc., 1999) was used to test the relationship between these two variables with different covariance structures tested to find the best fit. Results for the covariance structure with the lowest values for Akaike's information criterion and Schwarz's Bayesian criterion (vcvarious components) was used to determine the appropriate linear coefficients, R 2 , and probability level of the relationship (Fig. S3) (Littell et al., 2000) .
Supplemental Fig. S3 . Relationship between annual NO 3 removal in the SRBs and the distribution pipe length times the drainage area for each. 
